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LymphadenopathyAbstract Background: Cervical adenopathy is a common problem and the differentiation of
benign and malignant node is of crucial importance for therapy management.
Objective: This prospective study aimed to know if Diffusion weighted images (DWI) and apparent
diffusion coefﬁcient (ADC) can differentiate benign from malignant cervical lymphadenopathy.
Patients and methods: Thirty patients with cervical adenopathy were included in this study.
Doppler ultrasound, DWI and ADC maps were automatically reconstructed and used for the
measurement of ADC values.
Results: The sensitivity and speciﬁcity of the RI cut-off value <0.69 in differentiation between
benign and malignant cervical L.Ns was 88.8% and 71.4%, respectively. The optimal ADC cut
off value for differentiation between benign and malignant lymph nodes was 61.0 · 103 mm2/s
with an accuracy 96.7%, a sensitivity 100%, a speciﬁcity 88.9%, PPV 95.4% and NPV 100%
and statistically signiﬁcant P-value = 0.000.
Conclusion: DWI and ADC were useful for differentiation between benign and malignant cervical
lymphadenopathy and recommended to decrease the need of invasive biopsies. However, CDUS
378 A.S. Ragheb et al.techniques can be used as preliminary technique but, they had potential pitfalls in diagnosis of
malignant cervical lymphadenopathy cases.
 2014 Production and hosting by Elsevier B.V. on behalf of Egyptian Society of Radiology and Nuclear
Medicine. Open access under CC BY-NC-ND license.1. Introduction
Cervical lymph nodes are prone to be involved in a number of
pathologic processes. They are common sites for lymphoma,
metastasis, and reactive enlargement in a number of conditions
including tuberculosis (TB) (1).
Differentiation between benign and malignant lymph nodes
usually changes the prognosis of the patient and plays a crucial
role in planning the therapy of malignancy suspected patients
(2). However, the differentiation between benign and malig-
nant lymph nodes remains challenging (3).
Color Doppler ultrasound has been proposed as a method
of differentiating benign from malignant lymphadenopathy, as
it is a sensitive non-invasive imaging technique capable of
detecting vessels as small as those found in lymph node (4).
Diffusion-weighted MR imaging (DWI) is a non invasive
functional technique and valuable tool for the identiﬁcation
and characterization of lymph nodes; it highlights both normal
and pathologic lymph nodes and enables measuring diffusion
in lymph nodes by means of the so-called apparent diffusion
coefﬁcient (ADC) (5). Therefore DWI can be helpful in distin-
guishing between causes of cervical lymphadenopathy (6,7).
Normal lymph nodes have a relatively restricted diffusion
(low ADC) because of their high cellular density. Metastatic
lymph nodes may have increased cellular density or necrotic
areas, which further restricts or increases diffusion, respec-
tively (8,9).
1.1. The aim of this work
The aim of the work is to evaluate the role of DWI and ADC
in differentiating benign from malignant cervical lymphade-
nopathy, preliminary evaluated with Doppler US.
2. Patients and methods
Thirty consecutive patients presenting with enlarged neck
lymph nodes were included in this prospective study, during
the period from January 2012 and March 2013. Their age ran-
ged from 11 to 65 years (mean age was 38.5 years), 21 were
males while only 9 female cases were found. Patients were re-
ferred to MRI unit of the Zagazig university hospitals after
clinical detection of enlarged cervical L.N groups. Only 6 cases
had signs of inﬂammation. Inclusion criteria: patient presented
with cervical lymphadenopathy regardless of age or sex. Cases
with previous surgery or radiotherapy were excluded. Written
informed consent was obtained from all patients and the study
was approved by local ethics committee. All cervical L.N
groups were involved in this study, one L.N was examined in
20 cases, 2 L.Ns were examined in the other 10 cases. The ﬁnal
suggested diagnosis was made by three radiologists. They were
aware of the clinical data, then the imaging ﬁndings were cor-
related with the pathological data. The patients with neck no-
dal disease underwent the following:(1) Clinical assessment: Full history and clinical examina-
tion: of the enlarged L.Ns, performed by referring
physicians.
(2) Grey scale and color Doppler ultrasound examination:
Gray scale and Doppler sonography using linear trans-
ducer (frequency 7.5 MHz) at ultrasound system of
Logic3 expert.
(A) Grey scale ultrasound examination: the largest lymph nodes
were assessed for the Size: Long and short axis diameters
were measured. Shape: The shape of the lymph node was
determined by the short axis to long axis ratio (S/L). A
S/L ratio less than 0.5 indicates a long or oval node, whereas
greater than or equal to 0.5 indicates a round node. Nodal
hilum: wide, narrow or absent. Echogenicity: hypoechoic,
hyperechoic or isoechoic. Homogenicity: homogenous or
heterogeneous. Nodal border: either well or ill deﬁned
border. Ancillary features: including cystic necrosis,
calciﬁcation, matting and surrounding soft tissues.
(B) Color Doppler ultrasound examination: If a vascular
signal was detected in a node (hilar, peripheral, mixed,
intranodal dots), spectral Doppler was performed to
measure the vascular resistance. The sample volume
was standardized to 1 mm and was placed in the center
of the vessel. Angle correction was made at an angle of
60 or less in all examinations.
Each measurement of RI was obtained from three consecu-
tive Doppler spectral waveforms or from the clearest arterial
signal.
(3) MR imaging:
All patients were examined on 1.5T Philips superconduc-
ting MR imager (Achieva, class IIa, USA).
1. Conventional non contrast MR imaging: Preliminary to the
diffusion weighted magnetic resonance imaging, including
Axial T1WI and T2WI.
2. Diffusion weighted magnetic resonance imaging:
 Single-Shot Echo-planar diffusion sensitized sequences
(DWI) (TR 3.4 s, TE 99 ms, Matrix 512 · 512, slice-thick-
ness 4 mm with an interslice gap of 1 mm and FOV
230 mm) were acquired on the axial plane.
 The diffusion-sensitizing gradients were applied with a b fac-
tor of 0 and 1000 s/mm2 per axis in each patient. The b-value
used in this study has been determined by the speciﬁcations of
the MR-scanner and the image quality. There is no unique
b-value established for DWI of lymph nodes yet. ADCmaps
were automatically reconstructed for all diffusion-weighted
images and used for the measurement of ADC values.
(C) Imaging data analysis
Isotropic diffusion images with b= 1000 s/mm2 were
generated from the three diffusion directions assessed. Trace
ADC maps were generated automatically.
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thies were evaluated placing an ROI over the examined lymph
node while in necrotic adenopathy, if obvious solid and
necrotic components are visible, ROIs were placed on separate
tissue portions.
3. Histopathological correlation:
Final diagnosis for all lymph nodes was made by correla-
tion between color doppler sonographic ﬁndings, magnetic
resonance diffusion readings and histopathological sections
which were performed in 30 cases. FNAB was done in 9 cases
which were suspected to be inﬂammation and excision biopsy
in 24, three of them had inadequate samples by FNAB.
2.1. Statistical analysis
According to the histopathological analysis of the enlarged
lymph nodes, our patients were divided into benign (including
inﬂammatory and granulomatous) and malignant (including
metastasis and lymphoma). Statistical analysis was done using
SPSS version 17 (‘‘Statistical Package for Social Science’’). The
mean for RI and ADC was calculated for each group. One-
way (ANOVA) test was done to compare results of more than
two groups and student’s t-test to compare results between two
groups. P value of less than 0.05 was considered to indicate a
statistically signiﬁcant difference. The RI and ADC cut-off va-
lue for differentiating malignant from benign nodes was deter-
mined using Kappa test. Diagnostic accuracy of both color
Doppler ultrasound and diffusion weighted MRI was evalu-
ated in terms of sensitivity, speciﬁcity, positive predictive value
(PPV), and negative predictive value (NPV).
3. Results
In this study enlarged cervical L.Ns was found more in male
patients (21 cases, 70%) and 9 cases were females (30%). Their
ages ranged from 11 to 65 years, Mean age was 38.5 years.
Pathological examination of the studied lymph nodes in the
examined 30 patients revealed: benign cases (5 cases of inﬂam-
matory, 3 cases granulomatous), 12 lymphomatous cases
including (9 cases of Non-Hodgkin Lymphoma and 3 cases
of Hodgkin Lymphoma) and 9 metastatic cases.
Regarding the L. Ns size, the mean S/L ratio of malignant
LNs was 0.66 and 0.63 for the 1ry and 2ry malignant L.Ns
(Figs. 1 and 2, respectively), which was higher than mean S/L
ratio of benign LNs as it was 0.42 and 0.44 for the inﬂamma-
tory and granulomatous L.Ns (Figs. 3 and 4, respectively).
Gray scale US features showing benign lymph nodes in our
study had preserved oval shape in all inﬂammatory cases and
in 2/3 granulomatous cases. Additionally preserved wide cen-
tral hilum, displaying homogenous hypoechoic echogenicity,
with well deﬁned borders (Table 1).
On the other hand most of rounded L.N shape was found
in 7/12 (58.3%) with lymphomatous cases and 6/9 metastatic
lymph nodes cases, moreover the S/L ratio was >0.5 for all
malignant cases, with abnormally narrow or lost hilum, dis-
playing heterogeneous hypoechoic echogenicity, with well de-
ﬁned borders. The ancillary features in general were more
frequently seen in malignant than in benign lymph nodes ex-
cept soft tissue edema which was detected in association with
the inﬂammatory lymph nodes (4 nodes, 66.6%) (Table 1).Calciﬁcation was found in 3/9 cases (33.3%) of metastatic
L.Ns and 2/12 (16.6%) of lymphomatous L.Ns, regarding in-
tra-nodal necrosis, it was more frequently seen in malignant
LNs in 8/12 cases (66.6%) of 1ry malignant LNs and 3/9 cases
(33.3%) of 2ry malignant LNs, while none of the benign lymph
nodes showed calciﬁcations or intra-nodal necrosis. Matting
was present in 3/9 case (33.3%) and in 2/12 (22.2%) of 1ry
and 2ry malignant LNs, respectively, while soft tissue edema
was seen only in 4/6cases (66.6%).
In the current study the vascular pattern (Table 2) was as
follows, most of the lymphomatous lymph nodes showed
mixed ﬂow in 7/12 cases (58.3%) (Fig. 1), while metastatic
cases showed peripheral ﬂow in 4/9 cases (44.4%) and mixed
in 2/9 cases (22.2%) (Fig. 2). Hilar vascularity was found in
all inﬂammatory lymph nodes in 6/6 cases (100%) (Fig. 3),
as well as most of granulomatous lymph nodes in 2/3
cases (66.6%) (Fig. 4). Only in one case (33.3%) with
granulomatous (tuberculous) lymphadenopathy; matted LNs
showed mixed vascular pattern of perfusion. A vascular
pattern is found only in one metastatic L.N case (11.1%). This
difference was statistically signiﬁcant with P-value = 0.004.
Based on vascular pattern alone color Doppler showed
an accuracy 83.3%, sensitivity = 100%, speciﬁcity = 76.2%,
PPV = 64.3% and NPP = 100%.
The mean RI of benign lymph nodes was 0.59, and signiﬁ-
cantly lower than mean RI of malignant lymph nodes (0.78),
(P-value = 0.001).
Statistical analysis of our results showed that RI cut off va-
lue for differentiation between benign and malignant lymph
nodes is 60.69 with an accuracy = 76.7%, sensitiv-
ity = 88.8%, speciﬁcity = 71.4%, PPV = 57.1% and
NPP = 93.7% and P-value = 0.002.
The benign lymph nodes (9/9) 100% appeared hyperintense
in (b= 0) DW images, hypointense in (b= 1000) DW images
and hyperintense in ADC maps, also all malignant lymph
nodes (21/21) appeared hyperintense in both (b= 0) and
(b= 1000) DW images and hypointense in ADC maps.
The malignant lymph nodes in this study showed lower
mean ADC value (Figs. 1 and 2) than benign lymph nodes
(Figs. 3 and 4), this difference was highly statistically signiﬁ-
cant because P-value = 0.000 (Table 3).
We found that the Non Hodgkin lymphomatous nodes had
lower ADC values (mean 0.69 · 103 mm2/s) (Fig. 1) than
Hodgkin lymphomatous nodes (mean 0.81 · 103 mm2/s),
however this difference was not statistically signiﬁcant because
P-value = 0.12.
In our study there were 13/21 malignant lymph node cases
(6 lymphomatous nodes and 7 metastatic nodes) that showed
necrotic areas of high signal intensity on both T2W images
and (b= 0) DW images, of low signal in (b= 1000) DW
images and high signal intensity on ADC maps. The ADC val-
ues were calculated from the solid and necrotic parts of the
lymph nodes separately. The above table shows that ADC val-
ues measured in the nodal necrotic areas were higher than
ADC values measured in nodal non-necrotic or solid areas
in both 1ry malignant and 2ry malignant lymph nodes with sig-
niﬁcant P-values (0.000 and 0.01, respectively).
Statistical analysis of our results showed that optimal ADC
cut off value for differentiation between benign and malignant
lymph nodes is 61.0 · 103 mm2/s with accuracy 96.7%, sensi-
tivity 100%, speciﬁcity 88.9%, PPV 95.4% and NPV 100%
and highly signiﬁcant P-value = 0.000.
Fig. 1 (A–C): Grey scale, Color Doppler US images of the studied L.N; reveal enlarged rounded (S/L ratio > 0.5) heterogeneous
echopattern with peripheral vascularity pattern of perfusion, mean RI = 0.81. (D) Axial T2W-MR image of the studied L.N; reveals
enlarged left posterior cervical lymph node at level VA that exhibits high signal intensity (arrow). (E) DW-MR image at (b= 0) of the
studied L.N: show that the lymph node appears hyperintense with small hypointense areas of necrosis (arrow). (F) DW-MR image at
(b= 1000) of the studied L.N: show that the lymph node’s solid part appear hyperintense (black arrow) with hypointense areas of necrosis
(white arrow). (G) ADC map of the studied L.N: showing low signal intensity of the studied lymph node. The mean ADC value of the
solid part (0.73 · 103 mm2/s) and ADC value of necrotic part (1.24 · 103 mm2/s). The studied images ﬁndings suggestive of malignant
disease (Non-Hodgkin lymphoma).
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Fig. 2 (A–C): Grey scale, Color and pulsed Doppler US images of the studied L.N; reveal oval shape (S/L ratio > 0.5), hypoechoic LN
with peripheral pattern of perfusion with RI = (0.76). (D) Axial T1W-MR image of the studied L.N: reveals enlarged right upper internal
jugular lymph node that exhibits heterogeneous high signal intensity (arrow). (E) DW-MR image at (b= 0) of the necrotic studied L.N:
shows that the lymph node appears hyperintense with more hyperintense small areas of necrosis (arrow). (F) DW-MR image at (b= 1000)
of the studied L.N: shows that the lymph node appears hyperintense with small areas of necrosis displaying hypointense signal (arrow).
(G) ADC map of the studied L.N: showing low signal intensity of the lymph. The mean ADC value of the nodal solid region is
(0.81 · 103 mm2/s) and of nodal necrotic region is (1.39 · 103 mm2/s). The ﬁndings suggestive of malignant disease (metastatic
malignant follicular carcinoma).
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Fig. 3 (A–C): Grey scale, Color and pulsed Doppler US images of the studied L.N; reveal oval shape enlarged LN (S/L ratio < 0.5), and
preserved normal central echogenicity with central hilar pattern of perfusion with RI = 0.55. (D) Axial STIR MR image of the studied
L.N: reveals enlarged right upper internal jugular lymph node at level IIA that exhibit high signal intensity (arrow). (E) DW-MR image at
(b= 0) of the studied L.N: shows that the lymph node appears hyperintense (arrow). (F) DW-MR image at (b= 1000) of the studied
L.N: show that the lymph node appears hypointense (arrow). (G) ADC map of the studied L.N: showing high signal intensity of the lymph
node. The mean ADC value of the studied lymph node is (1.38 · 103 mm2/s). The imaging ﬁndings suggestive of benign disease (Chronic
non speciﬁc reactive lymphadenitis).
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Fig. 4 (A–C) Grey scale, Color and pulsed Doppler US images of the studied L.N; reveal oval shape enlarged LN (S/L ratio < 0.5), and
preserved normal central echogenicity with hilar vascularity pattern of perfusion with RI = 0.69. (D) Axial STIR-MR image of the
studied L.N; reveals enlarged RT upper internal jugular lymph node (arrow) at level IIA that exhibit high signal intensity. (E) DW-MR
image at (b= 0) of the studied L.N; shows that the lymph node appear hyperintense (arrow). (F): DW-MR image at (b= 1000) of the
studied L.N; shows that the lymph node appears hypointense (arrow). (G) ADC map of the studied L.N; showing high signal intensity of
the lymph node. The mean ADC value of the studied lymph node is (1.3 · 103 mm2/s). The ﬁndings suggestive of benign disease
(Granulomatous lymphadenopathy due to sarcoidosis).
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Table 1 The size and grey scale ultrasound features of the examined lymph nodes.
Inﬂammatory (n= 6) Granulomatous (n= 3) 1ry Malignant (n= 12) 2ry Malignant (n= 9)
Short axis length 5–9.5 mm 4–11 mm 8–27 mm 10–19 mm
Mean = 7.4 mm Mean = 6.4 mm Mean = 18 mm Mean = 15 mm
Long axis length 11–36 mm 10–29 mm 18–50 mm 14–35 mm
Mean = 23 mm Mean = 19 mm Mean = 35 mm Mean = 24 mm
S/L ratio 0.21–0.66 0.30–0.64 0.32–0.90 0.42–0.82
Mean = 0.42 Mean = 0.46 Mean = 0.66 Mean = 0.63
Shape
Oval: S/L ratio < 0.5 6 (100%) 2 (66.6%) 5 (41.6%) 3 (33.3%)
Round: S/L ratioP 0.5 0 1 (33.3%) 7 (58.3%) 6 (66.6%)
Hilum
Wide 5 (83.3%) 2 (66.6%) 0 0
Narrow 1 (16.6%) 1 (33.3%) 3 (25%) 2 (22.2%)
Absent 0 0 9 (75%) 7 (77.7%)
Echogenicity
Hypoechoic 6 (100%) 3 (100%) 7 (58.3%) 8 (88.8%)
Hyperechoic 0 0 3 (25%) 1 (11.1%)
Isoechoic 0 0 2 (6.6%) 0
Homogenicity
Homogenous 6 (100%) 3 (100%) 4 (33.3%) 2 (22.2%)
Heterogeneous 0 (16.6%) 0 8 (66.6%) 7 (77.7%)
Borders
Well-deﬁned 4 (66.6%) 3 (100%) 9 (75%) 7 (77.7%)
Ill-deﬁned 2 (33.3%) 0 3 (25%) 2 (22.2%)
Ancillaryfeatures
Calciﬁcation 0 0 2 (16.6%) 3 (33.3%)
Intranodal Necrosis 0 0 8 (66.6%) 3 (33.3%)
Matting 1 (16.6%) 0 4 (33.3%) 2 (22.2%)
Soft tissue edema 4 (66.6%) 0 0 0
384 A.S. Ragheb et al.Diffusion weighted MRI (DWMRI) was not better than
color Doppler ultrasound (CDUS) in diagnosis of benign
lymph nodes because both of them truly diagnosed 8 cases
out of the 9 benign cases.4. Discussion
The evaluation of cervical nodes is important not only for
diagnosis and staging of malignant diseases, but also for plan-
ning treatment and follow-up (10).
In our study the mean S/L ratio for 1ry and 2ry malignant
LNs was 0.66 and 0.63, respectively, which was higher than
mean S/L ratio of benign LNs as it was 0.42 for the inﬂamma-
tory and 0.44 for granulomatous L.Ns. In agreement with
other authors like Gupta et al. (1), Na et al., (11) and Steink-
amp et al. (12), they stated the S/L ratio was a reliable indica-
tor for a metastatic node.
We found preserved wide fatty hilum in 83.3% of inﬂam-
matory LNs and 66.6% of granulomatous LNs, while absent
hilum noticed in most of malignant LNs, which were 75%,
77.7% for 1ry and 2ry malignant LNs, respectively. Similarly
Rubaltelli et al. (13), Ahuja and Ying (14) reported that
84% of benign L.Ns had echogenic hilum.
In the present study all benign LNs and 71.4% (15/21) of
malignant LNs were hypoechoic. Similarly Ying et al. (15)
and Gupta et al. (1), found that echogenicity was unhelpfulbecause the majority of the studied L.Ns involved by disease
were hypoechoic.
Calciﬁcation and intra-nodal necrosis were found in the
malignant L.N either 1ry or 2ry, while none of benign LNs
showed these ﬁndings. These results are met with Ahuja and
Ying (16) and Ying et al. (17). But not agreed with Gupta
et al. (1) and Ying et al. (15) who reported that calciﬁcations,
necrosis and matting were more frequently seen in benign LNs
than in malignant LNs.
Regarding vascular pattern for our studied patients, most
of the lymphomatous L.Ns showed mixed ﬂow in 7/12 cases
(58.3%), while metastatic cases showed peripheral ﬂow in 4/9
cases (44.4%) and mixed in 2/9 cases (22.2%). Hilar vascular-
ity was found in all inﬂammatory lymph nodes and most of
granulomatous lymph nodes in 2/3 cases (66.6%) Only in
one case (33.3%) with granulomatous (tuberculous) lymphad-
enopathy; matted LNs showed mixed vascular pattern of per-
fusion. Avascular pattern is found only in one metastatic L.N
case (11.1%). This difference was statistically signiﬁcant with
P-value = 0.004, and detection of abnormal nodal perfusion
patterns (including peripheral, mixed, intranodal dots) showed
high sensitivity of 100% and 76.2% speciﬁcity for malignant
L.Ns with PPV = 64.3%, NPP = 100% and 83.3% accuracy.
These results are in agreement with other researcher like Gupta
et al. (1), Steinkamp et al. (12), Rubaltelli et al. (13).
The mean arterial RI for malignant L.Ns in the study was
0.78, signiﬁcantly higher than that for benign lymph nodes
Table 3 The distribution of apparent diffusion coefﬁcient (ADC) values among the benign and malignant lymph nodes.
Apparent diﬀusion coeﬃcient (ADC) values Benign Malignant P-value
Range (0.93 · 10–2.13 · 103 mm2/s) (0.59 · 10–0.98 · 103 mm2/s) 0.000***
Mean 1.42 · 103 mm2/s 0.78 · 103 mm2/s
ADC values are measured by ROI placed on solid nodal regions; necrotic regions (which were found in some of lymphomatous and metastatic
LNs) are excluded from these calculations and analyzed later.
*** =Statistically signiﬁcant, as P-value less than 0.05.









Hilar 6 (100%) 2 (66.6%) 1 (8.3%) 0
Peripheral 0 0 3 (25%) 4 (44.4)
Mixed 0 1 (33.3%) 7 (58.3%) 2 (22.2%)
Intranodal dots 0 0 1 (8.3%) 2 (22.2%)
Avascular 0 0 0 1 (11.1%)
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matory and granulomatous LNs were as follows 0.55, 0.66,
which were signiﬁcantly lower than that of lymphomatous
and metastatic LNs (0.71, 0.86, respectively) with high statisti-
cal signiﬁcance (P-value = 0.000). these ﬁndings are in agree-
ment with Gupta et al. (1) and Na et al. (11), while many
authors like Steinkamp et al. (12), Rubaltelli et al. (13), found
that there was no statistically signiﬁcant difference between RI
indices of malignant and benign lymph nodes.
We used RI value of <0.69 was a cut-off value in differen-
tiation between benign from malignant cervical L.Ns, the
resultant accuracy, sensitivity and speciﬁcity were as follows
76.7%, 88.8% and 71.4%, in addition cut-off point was found
statistically signiﬁcant (P-value = 0.002). Chang et al. (18), re-
ported various RI cut-off values among them a RI cut-off va-
lue <0.7 showed high sensitivity (81%) and speciﬁcity (75%)
in diagnosing malignant lymph nodes which was in agreement
with our study. Steinkamp et al. (12) reported more speciﬁcity
of 94% in distinguishing reactive and metastatic nodes by
using an optimal cut-off for RI < 0.8.
In our study, we used ADC value of (1.0 · 103 mm2/s)
as a cut-off value in differentiation between benign and
malignant cervical lymph nodes, the resultant accuracy, sen-
sitivity and speciﬁcity were as follows 96.7%, 100%, and
88.8%, in addition that cut-off point was found to be highly
statistically signiﬁcant cut-off point (P-value = 0.000). Simi-
larly Holzapfel et al. (19) used in their study a threshold of
1.02 · 103 mm2/s ADC value and recorded 94% accuracy
in characterizing metastatic lymph nodes with 100% and
87.0% for sensitivity and speciﬁcity in differentiating be-
tween benign and malignant cervical L.Ns. On the other
hand lower sensitivity and speciﬁcity using the same cut
off value had reported by other researchers like De Bondt
et al. (20), as they reported 92.3% sensitivity and 83.9%,
speciﬁcity in their study. Sumi et al. (6), reported low
ADC threshold for metastatic nodes (>0.400 · 103 mm2/s)
which yielded a moderate negative predictive value (71%)and high positive predictive value (93%), this was not met
with our results.
Razek et al., (8) reported slightly higher threshold
(ADC= 1.38 · 103 mm2/s) for reliably characterizing sus-
pected malignant lymph nodes with an accuracy of 96%, sensi-
tivity of 98% and speciﬁcity of 88%.Moreover, the mean ADC
value for benign nodes either inﬂammatory or granulomatous
nodes (1.56 · 103–1.448 · 103 mm2/s), was higher compared
to themeanADCvalue ofmetastatic and lymphomatous nodes.
We found also that the Non Hodgkin lymphomatous
nodes had lower ADC values (mean 0.69 · 103 mm2/s) than
Hodgkin lymphomatous nodes (mean 0.81 · 103 mm2/s),
however this difference was not statistically signiﬁcant because
P-value = 0.12. Similarly Steinkamp et al. (12) and Ali (21)
found that the mean ADC of non-Hodgkin lymphoma is
0.93 · 103 mm2/s usually lower than the mean ADC of
Hodgkin lymphoma (1.03 · 103 mm2/s).
Using histopathological examination as the standard refer-
ence; we found that diffusion weighted MRI and ADC was
capable of diagnosing all histologically proven malignant
nodes, while it diagnosed 8 out of the 9 histologically proven
benign nodes. In one case of sarcoidosis the studied lymph
node showed relatively low ADC value (0.9 · 103 mm2/s) this
was in agreement with Razek et al. (8) and Vandecaveye et al.
(22) who reported that granulomatous lesions, such as sarcoid
and tuberculous nodes, may exhibit low ADC values.5. Conclusion
The use of DWI and ADC was useful for differentiation be-
tween benign and malignant cervical lymphadenopathy and
recommended to decrease the need of invasive biopsies.
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